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http://dx.doi.org/10.1016/j.jfma.201We report a case of neurognathostomiasis in a Thai laborer for the first time in Taiwan. For pa-
tients with eosinophilic meningitis, neurognathostomiasis should be considered when brain im-
age discloses subarachnoid or intracranial hemorrhage and when an appropriate exposure risk
is available, especially a history of raw freshwater fish consumption in endemic areas, even a
long time ago.
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3.07.006Gnathostomiasis is caused by the tissue nematode Gna-
thostoma spp., which has a complex life cycle involving at
least two intermediate hosts.1,2 Humans are accidental
hosts and become infected primarily by eating raw fresh-
water fish, poultry, snakes, or frogs.1e3 Depending on the& Formosan Medical Association. All rights reserved.
Neurognathostomiasis in Taiwan 1281site of third-stage larval migration, gnathostomiasis can be
divided into cutaneous, ocular, and visceral forms, with the
latter carrying the highest morbidity and mortality rates if
central nervous system is involved, i.e., neuro-
gnathostomiasis.1,2,4 Five Gnathostoma species, including
Gnathostoma spinigerum, Gnathostoma hispidum, Gna-
thostoma doloresi, Gnathostoma nipponicum, and Gna-
thostoma binucleatum, are known to cause human
infections,4,5 but only G. spinigerum is reported to cause
neurognathostomiasis, with most cases being reported from
Thailand.4
In Taiwan, only a few gnathostomiasis6e8 cases have
been reported to date and neurognathostomiasis has never
been described, making the diagnosis challenging for most
local physicians. Here, we report a case of neuro-
gnathostomiasis in a Thai laborer who used to consume raw
freshwater fish prior to arriving at Taiwan and presented
with eosinophilic meningitis and intracranial hemorrhage.
In this paper, epidemiology, clinical features, diagnostic
tools, and treatment of this disease are described. In
addition, clues to differentiation between neuro-
gnathostomiasis and angiostrongyliasis, another common
etiology of parasitic eosinophilic meningitis, are high-
lighted, which are expected to be valuable in countries
where both diseases are probably coexisting and respective
diagnostic test is lacking.Figure 1 Intracerebral hemorrhage at corpus callosum, as
shown on brain computerized tomography.Case report
A 37-year-old Thai laborer had been previously healthy until
1 week earlier when general malaise and nuchal pain
occurred in June 2011. In the following days, dizziness and
worsening headache prompted his admission to a regional
hospital, where brain computerized tomography (CT)
showed ambiguous subarachnoid hemorrhage (SAH) and
magnetic radiographic angiography revealed no abnormal
vascular lesions. His white blood cell (WBC) count was
16,151/mL, with 40% eosinophils. Lumbar puncture yielded
xanthochromic cerebrospinal fluid (CSF), and the opening
pressure was 315 mm of water. The analysis of CSF showed
a WBC count of 720/mL (65% eosinophils), red blood cell
(RBC) count of 1200/mL, protein level of 29.4 mg/dL, and
glucose level of 64 mg/dL. The patient was diagnosed with
possible parasitic eosinophilic meningitis in view of his raw
meat consumption history and was later transferred to a
teaching hospital.
On admission to the teaching hospital, the patient
remained afebrile, with clear consciousness. He com-
plained of persistent headache and blurred vision.
Neurological examination revealed diplopia while looking
downward without obvious extraocular movement limita-
tion as the sole abnormality, and physical examination
revealed no remarkable findings. The analysis of followed-
up CSF 3 days after the first sampling still showed pleo-
cytosis with a WBC count of 357/mL (78% eosinophils) and
an RBC count of 407/mL, with opening pressure as 265 mm
of water. A survey of parasitic infections with available
serologic testing using the methods described previ-
ously9,10 for Angiostrongylus cantonensis and Toxocara
canis demonstrated no evidence of current infections.
Because no definite diagnosis was made, supportive carewith mannitol was continued, and the headache improved
significantly.
On Day 6 of this hospitalization, severe headache with
increased nuchal rigidity recurred. Steroid was given and
mebendazole was used empirically for 3 days. However, left-
sided weakness appeared and headache worsened again
3 days later. The emergent brain CT demonstrated no evi-
dence of intracerebral hemorrhage (ICH). Two days after the
left hemiparesis event, the patient experience weakness in
the right limbs, prompting the repeated brain CT scans,
which revealed hemorrhage at corpus callosum (Fig. 1).
After reviewing the travel and food consumption his-
tories of this patient again, we found that he had worked in
a stationery factory in Taiwan for 9 months after departing
from his hometown. He continued the habit of eating raw
beef and pork with his colleagues as frequently as earlier,
but quitted eating raw freshwater fish while in Taiwan.
Besides, unlike most of his colleagues, he rarely ate raw
snails or frogs in both Thailand and Taiwan. Because all his
factory colleagues who always shared the same raw food
with him were asymptomatic, the freshwater fish he
consumed in Thailand was regarded as the culprit causing
the illness. In view of the raw freshwater fish consumption
history and ICH-complicated eosinophilic meningitis, neu-
rognathostomiasis was thus suspected and albendazole
400 mg twice daily was given for 5 days, without any
adverse effects. Diagnostic testing of gnathostomiasis was
conducted at the Immunodiagnostic Unit, Department of
Helminthology, Faculty of Tropical Medicine, Mahidol Uni-
versity. Both serum and CSF samples demonstrated a spe-
cific band reactive to a 24-KD G. spinigerum antigen on
Western blot, confirming the diagnosis of gnathostomiasis
(Fig. 2). The patient was discharged on Day 24 of hospi-
talization only with the sequelae of mild right hemiparesis.
Because this patient ate raw freshwater fish only in his
hometown located in the rural northeastern Thailand, an
endemic area of gnathostomiasis,3 we consider it to be an
Figure 2 Immunoblot analysis for detection of serum
immunoglobulin G against the specific 24-kD antigen of
advanced third-stage larvae of Gnathostoma spinigerum. Lane
a represents positive control, lane b Day 15 serum of the pa-
tient (1:50) (pre-Albendazole treatment), lane c Day 37 serum
of the patient (1:50) (post-Albendazole treatment); and lane
d Day 15 CSF of the patient (1:5).
1282 M.-N. Hung et al.imported case of neurognathostomiasis, as well as the first
such case in Taiwan.Discussion
Gnathostomiasis is a food-borne zoonotic helminthic
infection caused by Gnathostoma spp. and is endemic
especially in Thailand and other parts of Southeast Asia,
and increasingly in Latin America, particularly Mexico.1,2 In
Taiwan, Gnathostoma spp. had been found in domestic pigs
as early as in 1974,11 and several cases of gnathostomiasis
caused by ingestion of raw loaches imported from Taiwan
were also reported in Japan in the 1980s.12 Despite possible
endemicity of gnathostomiasis in Taiwan, only a few
indigenous human cases have been reported since then, as
shown in Table 16e8, with most of them being diagnosed by
histopathology. The habit of consuming only cooked meat in
most Taiwanese can explain the rare occurrence of indig-
enous gnathostomiasis. However, lack of diagnostic sero-
logical assays and awareness of this parasite may also
hamper the identification of such infection. Further study
would be needed to clarify the true epidemiology of gna-
thostomiasis in Taiwan.
Usually, gnathostomiasis presents nonspecific symp-
toms initially, including malaise, fever, and urticarial,
followed by cutaneous and/or visceral larva migrans
with varying incubation periods,1,2 which can be as long
as 10e12 years in neurognathostomiasis.13 Althoughcutaneous gnathostomiasis is the most common manifes-
tation of infection, neurognathostomiasis accounts for the
majority of deaths and diagnostic challenges.1,2,4,14
The main clinical syndromes of neurognathostomiasis
include radiculomyelitis, radiculomyeloencephalitis,
meningitis/meningoencephalitis, SAH, and ICH, reflecting
tissue damage by migrating larvae.3,4,14e17 Because the
hallmark laboratory finding of neurognathostomiasis is
eosinophilic pleocytosis, frequently seen in many other
infectious and noninfectious diseases, the list of differ-
ential diagnoses might be long and a thorough survey for
all the possible etiologies would be impractical.1 However,
with the aid of epidemiologic investigation and neuro-
imaging suggesting brain parenchymal damage by larvae,
differential diagnosis can reasonably be limited to a few
diseases, with angiostrongyliasis being the priority when
relevant exposure history and geographic distribution are
compatible.1,16
In our patient who has been well for 9 months after
leaving Thailand, the initial tentative diagnosis was
angiostrongyliasis, an endemic parasitic disease reported
mainly in foreign laborers in Taiwan recently.18 Although
both neurognathostomiasis and angiostrongyliasis may have
similar clinical presentations and exposure risks, some
important indicators would help differentiate neuro-
gnathostomiasis from angiostrongyliasis. A history of con-
sumption of raw freshwater fish, the presence of bloody or
xanthochromic CSF, and focal lesions or ICH on neuro-
imaging would favor the diagnosis of neuro-
gnathostomiasis1,3,4,14,16 if immunodiagnostic testing is not
available.
The definitive diagnosis of neurognathostomiasis re-
quires identification of the organism in CNS. However,
larvae detection in CNS is difficult and of low sensitivity,
making serological testing the diagnostic choice.4
Currently, a number of serological tests are available and
the detection of specific antibodies to the 24-kD antigen of
G. spinigerum by Western blot has been shown to have 100%
specificity.19,20 With the aid of immunodiagnostic testing,
clinical diagnosis of neurognathostomiasis can be made
reliably if appropriate epidemiologic criteria, clinical syn-
drome, and indirect evidence of CNS invasion are all met,4
as in case of our patient.
Treatment of neurognathostomiasis is primarily sup-
portive because the role of antihelminthic agents remains
unclear.1,2 However, because the clinical symptoms of
neurognathostomiasis are related to mechanical disruption
by larvae migration in CNS,15 relapse may occur and pro-
gression of symptomatology may not cease if larvae are not
killed by antihelminthic agents. A report described a pa-
tient experiencing multiple relapses despite antihelminthic
therapy,21 which seemed to reflect that a standard treat-
ment regimen specifically for neurognathostomiasis was
still lacking, instead of arguing against the benefit of anti-
helminthic agents. Using antihelminthic agents for an
adequate duration may, in theory, sterilize the larvae in
CNS and prevent late relapse. However, there is concern
that severe brain edema may develop if the worms die
suddenly because of antihelminthic agents, making the
recommendation of routine use of antihelminthic agents
controversial.15,16 Although steroids have also been used to
relieve perifocal edema, no well-controlled studies prove
Table 1 Characteristics of reported cases of gnathostomiasis in Taiwan.
Case Age (y)/
sex
Clinical manifestations Risk behaviors Travel history Ref
1 45/M Creeping eruption Unknown Southern Taiwana Pinkus et al6
2 27/M Intraocular gnathostomiasis Raw fish ingestion Burma Yu et al7
3 70/M Creeping eruption Raw loach ingestion Nil Kuo et al8
4 37/M Eosinophilic meningitis/
intracranial hemorrhage
Raw fish ingestion Thailand Current case
M Z male.
a An overseas Chinese visiting southern Taiwan.
Neurognathostomiasis in Taiwan 1283their efficacy in alleviating neurological deficits of
neurognathostomiasis.1,4,16
The case fatality rate of neurognathostomiasis has been
reported to be 7e25%, and significant neurological sequelae
are observed in some of the survivors.3,14 Besides, long-
term follow-up of gnathostomiasis also shows frequent
treatment failure, and patients with gnathostomiasis are
recommended to be monitored for at least 6 months to
detect late treatment failure.21 Our patient received only a
5-day course of albendazole and shortly lost to follow-up
after he returned to Thailand; thus, his final neurological
outcome is not known.
In conclusion, we report an imported case of neuro-
gnathostomiasis and highlight the diagnostic challenges of
this rare disease with a potentially long incubation period.
Neurognathostomiasis should be highly suspected if SAH or
ICH-complicated eosinophilic pleocytosis is seen in a pa-
tient who fulfilled comparable epidemiologic criteria.
Serological testing including Western blot, although of
limited accessibility, would be valuable to confirm the
diagnosis. Because neurognathostomiasis is a disease with
high morbidity and mortality, the importance of avoiding
ingestion of raw or undercooked animal flesh cannot be
overemphasized.
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